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In a laboratory just outside Helsinki, scientists are making food out of 
thin air. If this sounds like space-age technology, that’s because it is – the 
concept of using microbes to convert air into food was initially developed 
for the space industry in the 1960s. 
“By empowering naturally occurring organisms with electricity, it’s possible 
to turn carbon dioxide into a high-protein food,” explains Dr Pasi Vainikka, 
co-founder and CEO of Finnish tech start-up Solar Foods. At the Solar 
Foods pilot lab, microbes harvested from soil samples are fermented in 
large steel tanks. Incredibly, these organisms require only two things to 
multiply: carbon dioxide from the air and hydrogen, which is obtained by 
“splitting” water using electricity.
The final product, named Solein, is siphoned from the tanks and dried into 
a tasteless powder. Solein is a “complete” protein, with a similar amino-
acid profile to meat or soya. It can be incorporated into thousands of food 
products, from bread to packet soups. When the bacteria are modified, 
they can be used in lab-grown alternatives to meat, egg and dairy. 
Vainikka and his co-founder Dr Juha-Pekka Pitkänen describe Solein as 
the “world’s most environmentally friendly protein”. Because Solar Foods 
uses renewable energy sources, such as wind and solar, Solein is billed as 
a carbon-neutral food source, with minimal land requirements and no 
water wastage. The process may be extraordinary, but the pilot lab – filled 
with large steel tanks and the occasional waft of something sulphurous – 
is more akin to a brewery than a NASA facility.
Last autumn, Solar Foods raised €3.5 million from four investors and is 
gearing up to move into a much larger facility. While COVID-19 has slowed 
progress this year, the founders say Solein will be ready for the mass 


























From air-based protein to“molecular”whiskey, start-ups are creating ingredients that increasingly 
disconnect agriculture from production. The separation of farm and plate is a new frontier – one that 
may hold the answer to humanity’s growing food insecurity. 由空氣製造的蛋白質到「分子」威士忌，初創公
司研發越來越多不靠農業生產的食材，這或許可以解決越來越緊張的糧食危機。 By Anna Cummins
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The COVID pandemic and subsequent economic crisis have exacerbated 
severe issues in the global food-supply chain, which is already under strain 
from global heating and depleting water resources. The UN estimates that 
food production must increase by 50 to 70 percent by 2050 to meet 
demand. “COVID has underlined the lack of transparency in the food 
system,” muses Vainikka. “Most of the pandemics we’ve had in recent 
decades originated from animal contact.”
While food production is responsible for around a quarter of global 
greenhouse emissions, meat and dairy, in particular, have an outsized 
impact on that figure. Consumers are taking note: according to a March 
2020 report by market intelligence firm SPINS, grocery sales of plant-
based foods that directly replace animal products have grown by 29 
percent in the USA in the past two years, and the market now stands at 
US$5 billion.
American chef, cookbook author and CEO Miyoko Schinner founded 
Miyoko’s Creamery in 2014. The Californian start-up produces cultured 
butters, cheeses and spreads, using plant-based ingredients such as 
cashews, oats, legumes and seeds.
“People understand why meat is bad. But people don’t understand why 
dairy is bad,” says Schinner of her motivations. “Dairy is as destructive to 
the environment and animals as meat is, if not worse. Nearly all dairy cows 
end up as meat.”
An in-house analysis by Miyoko’s Creamery indicates its products are 
between 10 and 20 times lower in greenhouse-gas emissions than 
comparable dairy items. “An acre of cashew trees can produce enough 
nuts to make 6,000 pounds of cheese a year, while an acre of grasslands 
can produce 182 pounds of dairy cheese,” Schinner explains.  
Miyoko’s Creamery has been acclaimed for achieving a creamy taste and 
texture comparable to that of dairy butter and cheese – something that 
evades many plant-based dairy alternatives. The company also uses 
a technique to concentrate the nutrients in their plant milks, thereby 
improving the nutritional profile of the finished product.
Schinner is a pioneer of new techniques and processes, but prefers not 
to think of her products as “lab-made”. She says that, while the company 
“uses science at a microbiological level”, her products are made from 
“real, organic, whole foods”, adopting traditional techniques such as 
fermentation to achieve the result.
Terminology is an integral part of the narrative and vision of Miyoko’s 
Creamery. In July this year, the company won the first round of a landmark 
legal dispute with the State of California over the use of the words on its 
packaging. The case began when the Department of Food and Agriculture 
ordered the company to drop words such as “butter” and “hormone-free” 
from its vegan butter, stating that such terms cannot apply to non-dairy 
items. 
“We chose to fight this case, not just for ourselves but for the whole 
industry,” Schinner says. “Food is evolving, and language also evolves. 
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“Most of the pandemics we’ve had in recent decades originated from animal contact
近二十年出現的大流行病大部分都跟動物有關”– Dr Pasi Vainikka, Solar Foods
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Lee is happy to admit that, for now, the brand is focusing on gaining respect 
among its peers, and clarifying to the world exactly what it’s doing. “We 
obviously don’t mind the mad-scientist reference in jest, but more often 
than not it’s said in a way that mischaracterises what we do,” Lee says.
“Our most immediate goal as a brand is to gain widespread acceptance. 
The only way we can be remotely impactful from an environmental 
perspective is when there’s broad adoption of any drink made via 
processes like ours. And that requires a shift in the way consumers, 
industry professionals and regulators all think about drinks made this way 
and whether the greater majority will eventually embrace it.”
While there’s been a predictable outpouring of scepticism from many 
corners of the spirits industry, which is steeped in tradition, Lee keenly 
points out that Glyph has won more than a dozen blind-tasting spirits 
awards. “That’s the real curveball, in my opinion,” Lee says. “The industry 
is used to seeing spirits that comprise the typical and expected inputs, 
such as age-based whiskey. We’re starting from scratch completely.”
While technology has the potential to change the way we enjoy, and 
even define, food and drink, there’s no doubt that – among the many 
challenges to face on Earth in the coming century – food production is 
perhaps highest among them.
And if the challenges can’t be surmounted? There’s a backup: the team at 
Solar Foods are already working with the European Space Agency to find a 
way to create protein for a crew of six astronauts, on the inevitable mission 
to colonise Mars.  
It’s only an hour’s drive from Miyoko’s 30,000-sq-ft facility in Sonoma 
Country to the headquarters of Endless West, in San Francisco’s 
Dogpatch neighbourhood. Founded in 2015, this beverage technology 
start-up is similarly wrestling with the implications of law and language, as 
it pushes boundaries in its field. 
The company, helmed by co-founder and CEO Alec Lee, creates wine 
and spirits at a molecular level – adding flavours by infusing beverages 
with molecules that are extracted from natural sources. Its first product, 
Glyph, is billed as the first whiskey ever to be made “note by note”, without 
barrelling or ageing. It’s produced in around 24 hours but is designed to 
taste as if it’s been aged for years. 
While the legal definition of Glyph in the USA is “spirit whiskey with 
natural flavours”, the company opts for “molecular spirit,” arguing that its 
molecular process marks them out as different from other products. “It’s 
a function of regulation lagging behind innovation,” says Lee.
Like Schinner, Lee is quick to clarify that the flavours Endless West uses 
are not “lab-made”. “What takes place in our lab is our process, where 
we explore, experiment and map out everything we want to create,” he 
says. “When it comes to the making and production of our products, we 
manufacture everything in a facility that looks a lot like a distillery, and all 
our ingredients come from nature.”
There are significant environmental advantages in Endless West’s process, 
compared with conventional spirit-making methods – these include a 
water saving of 65 percent more, a 30 percent reduction in carbon dioxide 
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萬一無法克服這些困難怎麼辦？也有後備方案：Solar Foods正跟European Space 
Agency合作，為六名太空人研發蛋白質食物，為移民火星作準備。 
“We don’t mind doing the mad-scientist reference in jest 
我們不介意被笑稱為瘋狂科學家 ”– Alec Lee, Endless West
Molecular-spirit 
“whiskey”, designed 
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